Experimental evidence has indicated that the genesis of acute pulmonary edema due to insufficiency of the left ventricular myocardium is dependent upon pulmonary engorgement and rapid filtration of fluid from the capillaries. It has been possible to demonstrate that significant elevation of arterial blood pressure from noxious stimulation of the central nervous system may be poorly tolerated when the myocardium has been previously damaged, so that acute left ventricular failure has occurred. The resulting massive pulmonary edema clearly followed the hemodynamic changes of severe congestion.
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N UMEROUS clinical and experimental observations have indicated that acute pulmonary edema occurs from left ventricular insufficiency when cardiac venous inflow and right ventricular functionremain adequate. Pulmonary transudation then occurs because of rapid filtration of fluid from the capillaries into the alveolar spaces. On the other hand, the occasional occurrence of fulminating pulmonary edema in patients with injury or other disease of the central nervous system, and unassociated with recognizable heart failure, has raised the question of other mechanisms in the genesis of lung edema.1 Therefore, many workers have considered the possibility of a "neurogeniic" pulmonary edema of reflex origin from cerebrospinal disease and abnormal autonomic function.
The "neurogenic" concept of lung edema formation has been supported by a number of experimental studies. The administration of adrenaline to rabbits has been repeatedly observed to evoke pulmonary edema.2-4 Similarly, experimental lead poisoning, large in- This work was done under a research grant from the National Heart Institute of the National In- stitutes of Health,' United States Public Health Service. 759 travenous or intra-arterial blood or saline infusions, hypoglycemia, and injury of the central neural tissues have been shown to provoke pulmonary edema in experimental animals.5'-Unfortunately, these studies were carried out without critical evaluation of cardiovascular performance during the formation of pulmonary edema, so that the concept of "neurogenic" lung transudation does not appear to be supported by sound experimental evidence.
The neurogenic mechanism of pulmonary edema has been seriously questioned by observers who have studied cardiovascular function in relation to lung congestion and tranisudation.'4'-9 Paine and his associates (lemonstrated that fluid exchange in the lungs follows the Starling principles of fluid balance.'4 They showed that, in the course of pulmonary (ongestion the elevation of capillary pressure in excess of osmotic tension rapidly forced fluid into the alveolar spaces. Conversely, when osmotic tension was sufficiently lowered by the depletion of plasma proteins in a normally functioning circulation, transudation likewise occurred from unopposed normal capillary filtration. These authors were able to provoke pulmonary engorgement and edema by impairing the function of the left ventricular myocardium in various ways. It has also been demonstrated that experimental pulmonary edema accompany-ing acute heart failure may experiment 27, the pulmonary arterial pressure was initially elevated. These two preparations responded to adrenaline (0.25 mg.) with marked increases in pulmonary venous and arterial pressures. Pulmonary edema was grossly evident on biopsy, and was confirmed by microscopic study. Dilatation of the heart w-as observed in the course of the experiment.
The outcome of experiment 33 was of some interest, although it involved a technical error. After control observations and the administration of adrenaline, the atrial cannula was inadvertently loosened so as to allow a free escape of blood from the appendage. Marked hypertensioin occurred as an adrenaline effect, but ill-(leased pulmonary venous pressure was prevented by the rapid mun-off of blood from the venous circuit and vascular pressures ill the lungs were not elevated. The production of the valvular defect did not materially alter heart rate. However, ill foulr instances mean arterial blood pressure gradually declined to levels of shock; in two, arterial tension was maintained at normal values. In all cases the excursions of the mercury column was augmented. Pulmoniary venous and arterial tensions continued withini normal r anige. In spite of the fact that shock occurred inl four of the preparations, it was assumed that a sharp elevation of arterial tension, regardless of the control level, might operate as a critically added strain to the previously damaged heart and thus lead to the production of congestion of the lung. This assumption proved to be correct as indicated in table 2.
When circulatory equilibria after aortic reguirgitation were assured, 0.25 mg. of adrenaline wvas administered through the atrial tube.
Adrenaline produced a prompt rise of arterial blood pressure in each experiment. However. the blood pressure did not rise to high levels inl the animals that were initially in shock. Nevertheless, each preparation exhibited marked pulmonary congestion with edema, manifested by In all of the cases, with the augmentation of arterial tension (and depression of heart rate), there was striking dilatation of the myocardium and a sharp elevation of the left atrial pressure. Left atrial distension was followed almost simultaneously by pulmonary arterial hypertension. The lungs became turgid and voluminous and large rhonchi were audible some distance away. Biopsy of the lung showed intense transudation. The overwhelming heart failure was tolerated only briefly as shock and death quickly ensued. It should be emphasized that under the conditions of myocardial strain imposed by aortic valvulotomy, the function of a number of these hearts deteriorated under moderate increases of blood pressure. It would appear that the degree of hypertension necessary to impose the critical point of myocardial overload might vary depeIiding upon the severity of strain from aortic insufficiency and upon other possible conditions intrinsic to the heart muscle.
COMMENT From the data offered in these experiments, it would appear that the genesis of pulmonary edema is referable to incomplete function of the left ventricular myocardium which involves failure of optimum removal of pulmonary venous blood. Under these conditionss, continued adequate performance of the right ventricle, together with an abundant veitous return to the heart, lead to pulmonary engorgement and severe alveolar transudation resulting from rapid capillary filtration.4 Regarding the present study, the evidence suggests that the heart may be greatly burdened from the hypertension iniduced by adrenaline, but that heart failure does not always occur. However when the heart Awas previously damaged by the creation of (acute) aortic insufficiency, the superimposi-tion of hypertension and marked tachycardia from epinephrine became intolerable with resultant breakdown of cardiac function and induction of congestion and edema of the lungs.
The occurrence of hypertension following cerebral damage from particulate embolism is of some interest. Mlany years ago, Cushiing2' published his well-known observation that cerebral compression provoked a rise of systemic blood pressure of a magnitude sufficient to overcome the loss of cerebrovascular irrigation from the external force of compression. The work implied that cerebral ischemia may be directly concerned in the elevation of blood pressure following cephalic trauma As with the experiments employing adrenaline, the hypertension from cerebral injury may be equally pernicious when the load is throwis upon the damaged heart. It was noted again that, underhypertensive strain, pulmonary congestion did not occur unless there were indications of myocardial insufficiency and augmentation of vascular pressures of the lungs. The drastic, moderate, or even slight elevations of blood pressure appeared to be sufficient in the presence of aortic regurgitation to cause severe cardiovascular strain. Nevertheless, it is also possible that the sudden bradyeardia occurring in some experiments from neural damage was also instrumental in diminishing left ventricular output, and flooding the lungs. In experimental animals, pulmonary edema has been shown to occur following extreme cardiac slowing and death from acetylcholine,21 and observations on the controlled circulation29 have likewise demonstrated striking restrictions of cardiac output from marked diminution of heart rate. Presumably, if abrupt bradyeardia occurs with continuing optimum venous return of blood to the right ventricle, the resulting fall of minute output and ensuing impedance of escape of pulmonary venous blood may enhance vascular congestion of the lungs. A consideration of even greater importance is the mechanism by which venous blood is made available to the right ventricle, in the face of diminishing stroke output of the left ventricle. Under the conditions of these experiments and those reported before'4 the faltering of left ventricular function, brought about by any means, resulted in pulmonary congestion because of the probable abundant venous return and right ventricular competence. The availability of venous blood in heart failure has been explained on the basis of increased blood volume or by increased venous constriction occurring as a part of a general augmentation inl vascular resistance.30 However, it has been exceedingly difficult to achieve salt and water retention in the dog, as the animal appears to have an efficacious mechanism for excess sodium elimination. Also these experiments were of such brief duration that retention of water could scarcely occur. Therefore, it seems improbable that water retention and a consequent increase in blood volume are concerned in the conftinuance of high venouis return in these experiments. Although the alternative hypothesis of increased venouXs constriction as a means of hastening the flow of (apillary-veniular b)lood has Ilot been proved,3" it seems to explain most readily the carriage of blood from arteries to veins in the face of a falling left, ventricular output.
The data secured from these experiments, as well as from others previouisly quoted, appears to warrant the conclusion that certain stresses may lead to cardiovascular failure through neuirogenic mechanisms. When heart failure occurs from these stresses, the resulting pulmonary edema is cardiogenic. The data do not permit the assumption that direct neurogenic effects upon the lungs are concerned in the pathogenesis of pulmonary edema. SUMMARY A resume of the experimental evidence concerning the mechanism of pulmonary edema from heart failure has beeni presented. The (oncept best supported by the evidence indicates that pulmonary e(lema results from engorgement of the lungs and rapid capillary filtration of fluid as a result of left ventricular insufficiency. The hypothesis that direct neural effects upoIl the pulmonary vasculature may cause pulmonary edema was examined as follows:
Ini open-chest preparations of dogs, systemic artlrial pressure together with pulmonary yenous and arterial pressures were measured by appropriate manometry. The administration of adrenaline or embolization of the cerebral circulationi by harium sulfate crystals provoked transient severe hypertension, with tachycardia andl bradycardia respectively. Evidence was obtained that, normal heart muscle may withstan(d the hypertenisive strain thus produced, since in most preparations the pulmonary vascular pressures were not sufficiently altered to cause pulmoniary t ransudationi. In occasional seemingly normal animals, the hypertension from these proceduires produced functional staggering of the left ventricle, and when subseqluellt elevation of pulmonary vascular tensions occurred, alveolar transudation resulted. When the hearts of animals had been previously damagedb)y aortic valvulotomy so as to cause aortic insufficiency, the vascular strains imposed by epinephrine or by miliary cerebral ischemia regularly caused left ventricular failure. The subsequent events of myocardial dilatation, and augmentation of pulmonary vaseular pressure and intense edema of the lungs were invariably outspoken. No evidence was obtained that direct neurogenic effects upon the lungs were concerned in the formation of pulmonary transudation.
It is concluded from these experiments that although stresses against the damaged myocardium may be of neurogenic character, the generation of pulmonary edema is due to a cardiogenie mechanism.
